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ABSTRACT 



A moving picture encoding system capable of bit rate 
control, by which moving pictures are encoded while main- 
taining high quality even when there are substantial changes 
in the size of objects and the charaaeristics of texture is 
provided. A predictive area calculating parameter extracting 
means obtains a predictive area calculating parameter to 
describe a function that indicates temporal variations in the 
area based on the history of the area data of an object. 
Besides, a bit number model parameter calculating means 
finds a bit number model parameter to describe a parameter 
for a bit number model used in modeling the generated bit 
number per unit area. A target bit number calculating means 
estimates a predictive value of the generated bit number for 
the uncoded VOPs based on the predictive area calculating 
parameter and the predictive bit number calculating param- 
eter, and accordingly, allocates the remaining allocalable 
bits to decide a target bit number for the next VOP to be 
encoded. A coding means encodes the VOP according to the 
target bit number. 
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MOVING PICTURE ENCODING SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a moving picture 
encoding system, in which a moving picture is encoded with 
respect to each object, or a moving picture is divided into 
plural sections and bit allocation for encoding is decided 
with respect to each section, in particular, relates to improve- 
ment in bit rate control. 

DESCRIPTION OF THE RELATED ART 

[0002] In encoding moving pictures, there is a system 
employed by Test Model 5 (hereinafter referred to as TM-5) 
of MPEG-2 (Moving Picture Experts Group, Phase 2) as a 
coding control system, in which the target bit number of 
each frame is determined based on the amount of available 
bits, and the number of bits generated for the frame is 
controlled so as to approximate the target number (manu- 
script: "March, 1993, ISO/IEC JTC 1/SC 29AVG 
11/NO400"). 

[0003] FIG. 1 is a block diagram showing a conventional 
bit rate control scheme. The rate control scheme comprises 
a coding means 1001, a target bit rate calculating means 
1002 and a bit number model parameter calculating means 
1006. The coding means 1001 is supplied with image data 
and outputs of the target bit rate calculating means 1002, and 
outputs bit streams as the first output. Its second output 
(generated bit number) is sent to the target bit rate calcu* 
lating means 1002 and the bit number model parameter 
calculating means 1006, and the third output (coding infor- 
mation) is sent to the bit number model parameter calculat- 
ing means 1006. The bit number model parameter calculat- 
ing means 1006, where the second and third outputs of the 
coding means 1001 are inputted, sends its output (bit number 
model parameter) to the target bit rate calculating means 
1002. The target bit rate calculating means 1002 is supplied 
with the second output of the coding means 1001, the output 
of the bit number model parameter calculating means 1006 
and available bits information, and sends its output (target 
bit number) to the coding means 1001. 

[0004] In the coding means 1001, the inputted image data 
are encoded under the coding conirol so that the number of 
bits used for each frame meets the target supplied from the 
target bit rate calculating means 1002. Subsequently, the 
number of generated bits and coding information of each 
frame arc outputted along with encoding results outputted as 
bit streams. Here, the coding information is quantization 
parameters used in encoding. 

[0005] The bit number model parameter calculating means 
1006 calculates parameters for modeling the bit number. In 
the system of TM-5, this parameter is a complexity index 
defined as a product of the generated bit number and the 
quantization parameter. Namely, assuming that: Xj, Xp, Xq; 
S„ Sp, Sq; and Qj, Qp, 0^ denote the complexity index, the 
number of generated bits, and the average value of the 
quantization parameter for each of I, P and B pictures, 
respectively, following expressions (1), (2) and (3) can be 
formed. 



(1) 

t2) 
(3) 



[0006] Obtained complexity indexes Xj, Xp and Xg are 
outputted to the target bit rate calculating means 1002 as 
model parameters. 

[0007] The target bit rate calculating means 1002 esti- 
mates the ta^et bit number for each picture according to 
allocatable bit number information, the model parameter and 
the number of generated bits, and outputs the result to the 
coding means 1001. In MPEG-2, bit allocation is performed 
with respect to each GOP (Group Of Picture). First, the 
number of available bits for a GOP is found by the allocat- 
able bit number information. Subsequently, the number of 
bits which have been used for coding the previous pictures 
in the GOP arc deducted from the number of available bits 
to estimate the number of bits that are available for the 
remainder of the GOP (hereinafter referred to as R). After 
that, using predetermined constants Kp and K^, which indi- 
cate the roughness ratio in quantization of P and B pictures, 
the target bit number for the respective 1, P and B pictures 
(hereinafter referred to as T„ Tp and T^, respectively) is 
calculated by following expressions (4), (S) and (6). 



1 + „ V ^P* V~v' 

KpX, KgXi 



XpKg 



(5) 



(6) 



[0008] In (4), (5) and (6), Np and Nq denote the number of 
P and B pictures that remain to be coded in the GOP. The 
target bit numbers are outputted to the coding means 1001, 
and used for rate control. 

[0009] The above-mentioned rate control scheme does not 
involve object shape information since it is developed for 
MPEG-2. For MPEG-4, in which object-based encoding is 
performed, there are proposed schemes disclosed in Japa- 
nese Patent Application Laid-Open No. 2000-50254, and on 
page 186 to 199 of the document "IEEE Transactions on 
Circuits and Systems for Video Technology, Vol. CSVT-9, 
No. 1, February 1999". In the schemes, a second-order 
rate-distortion curve, which is described on page 246 to 250 
of "IEEE Transactions on Circuits and Systems for Video 
Technology, Vol. CSVT-7, No. 1, February 1997", is 
employed. Namely, below expressions (7), (8) and (9) 
replace (1), (2) and (3) in modeling the number of bits. 
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[0010] In (7) to (9), D denotes the mean absolute differ- 
ence (MAO) of a motion compensation predictive difference 
signal. Besides, X„ Y„ Xp, Yp, Xq, Yg and D are the model 
parameters of bit quantity. The bit number model parameter 
calculating means 1006 calculates the values by a least 
squares estimation based on the values of the quantization 
parameters for past encoded frames, the MAD and the data 
on the number of generated bits. The calculation proceeds as 
follows: first, substitute expressions (10) and (11) for (8) and 
(9) to eliminate Qp and Qq, and then, assuming that Si*T|, 
Sp=Tp and Sb-Tq, substitute (7), (8) and (9) for (12) to 
achieve the value of Qj. Thus, target bit numbers T,, Tp and 
Tq for I, P and B frames are calcidated. 

Qp-KpQi (10) 
Qb-KbQ, (11) 
Tr^^^N^^ (12) 

[0011] In Japanese Patent Application Laid-Open No. 
2000-50254, there is also disclosed a scheme, in which the 
bits for a frame estimated as above are allocated among a 
plurality of objects included in the frame. According to the 
scheme, the target bit number for a VOP (Video Object 
Plane) is determined by allocating bits for each object 
proportional to a weighting factor, which is the weighted 
average of the size, motion and activity of the object. 

[0012] First, bit allocation for each frame Ls decided by 
using expression (13). 



(13) 



[0013] In (13), L indicates the number of bits required to 
assure a minimum quality. In addition, m denotes the num- 
ber of objects, N denotes the number of frames which 
remain to be coded, Sj denotes the number of bits generated 
for the j-th object of the previous frame, and a denotes a 
weighting factor. Here, a value of weighting factor a is 0.2. 
More specifically, remaining available bits R are allocated 
equally among VOPs, and then the allocation of each VOP 
is adjusted according to the number of bits generated in the 
previous coding. Thus, the total target bit number for objects 
included in a frame is estimated. 

[0014] Next, the total target bit number T obtained by (13) 
is refined by buffer processing. A£tcr that, the total target bits 
T arc allocated for each object according to the weight given 
by expression (14). 

w,SIZEj+w„M0Tj4W,>lAD,^ (14) 

[0015] In (14), SIZEj, MOT^ and MAD^- indicate the size, 
motion vector, and MAD of the j-th object, respectively. 



Besides, w.,w„ and are weighting factors with values of 
w,-0.4, w„»0.6 and w„-0.0, or w,-0.25, w„-0.25 and 

w,-0.5. 

[0016] In the conventional rate control techniques, the bit 
rate is estimated with disregard to variations in the number 
of bits due to changing size of each object. In TM-5, this is 
not a problem since the size of a picture plane being subject 
to encoding stays unchanged. However, in object-based 
coding such as MPEG-4, when there is a sudden increase in 
object's size, bit allocation is not carried out successfully 
toward the end of a GOV (Group Of VOP) despite the 
substantial increase in the amount of generated bits. Con- 
sequently, picture quality is deteriorated, and encoding can- 
not be performed within the target bit number. 

[0017] In the scheme disclosed in Japanese Patent Appli- 
cation Laid-open No. 2000-502S4, the d>ject size informa- 
tion is taken into account by expression (14) on the occasion 
of allocating the total target bits for a frame among objects 
included in the frame. However, since the information is 
unconsidered at the point of determining the total target by 
expression (13), the same problems occur. 

[0018] Moreover, in expression (13) of the above scheme 
for estimating the target bit number for each frame, it is 
assumed that the VOP rate of respective objects is uniform. 
Therefore, when there is difference in the frame rate among 
objects, the estimate of the target bit number for the frame 
is irrelevant. 

[0019] Furthermore, in the rate control for video objects 
according to the above scheme, bits are allocated based on 
weight, which is given as the linear weighted sum of the size 
(area), motion and MAD of an object. The term of the MAD, 
however, is independent of the size of the object, and may 
give a large value even when the object is very small. 
Consequently, a large amount of bits are allocated for a small 
object when the value of its MAD is laige. As a result, the 
number of bits to be allocated for other objects is reduced on 
the whole, which causes deterioration in the picture quality 
of the other objeos. 

SUMMARY OF THE INVENTION 

[0020] It is therefore an object of the present invention to 
provide a moving picture encoding system capable of bit 
rate control, by which moving pictures are encoded while 
maintaining high quality even when there are substantial 
changes in the size of objects and the characteristics of 
texture. 

[0021] Besides, it is another object of the present inven- 
tion to provide a moving picture encoding system capable of 
bit rate control, by which bit allocation is performed prop- 
erly even when the frame rate varies with each object. 

[0022] In accordance with the first aspect of the present 
invention, there is provided a moving picture encoding 
system for encoding moving picture sequences with respect 
to each object, comprising: a coding means for encoding 
object picture data consisting of time series sequences of 
video object planes (VOPs), each of which is a picture image 
of at least one object at a point of time, and shape informa- 
tion data indicating the shape of the object in each VOP 
while conducting bit rate control so that the number of 
generated bits for each VOP meets a target bit niunber, and 
outputting coding information including a quantization 
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parameter used in eoooding and the generated bit number 
along with obtained bit streamy an area calculating means 
for calculating the area of the object in eacb VOP based on 
the shape information data, and outputting the result as area 
data; a predictive area calculating parameter extracting 
means for obtaining a function that indicates temporal 
variations in the area of the object based on the history of the 
area data, and outputting a parameter specifying the function 
or a predictive value of the area obtained by the function as 
a predictive area calculating parameter; a bit number model 
parameter calculating means for calculating a parameter 
used in modeling the generated bit number per unit area of 
the object based on the coding information, the generated bit 
number and the area data, and outputting the result as a bit 
number model parameter; a predictive bit number calculat- 
ing parameter extracting means for obtaining a function that 
indicates temporal variations in the bit number model 
parameter based on the history of the bit number model 
parameter, and outputting a parameter specifying the func- 
tion or a predictive value of the bit number model parameter 
obtained by the function as a predictive bit number calcu- 
lating parameter; and a target bit number calculating means 
which performs a series of processes: calculating an 
unooded VOP allocatable bit number that is the total number 
of allocatable bits for uncoded VOPs in a certain period of 
time based on allocatable bit number information indicating 
the total number of allocatable bits for the VOP& in the 
certain period of time and the number of generated bits for 
the encoded VOPs in the certain period of time, estimating 
the number of generated bits for the uncoded WOPs based on 
the predictive area calculating parameter and the predictive 
bit number calculating parameter, allocating the uncoded 
VOP allocatable bit munber, calculating a target bit number 
for the next VOP to be encoded, and outputting the target bit 
number; sequentially for each of VOPs in the certain period 
of time. 

[0023] I n accordance with the second aspect of the present 
invention, there is provided a moving picture encoding 
system for encoding moving picture sequences with respect 
to each object, comprising: a storing means for temporarily 
storii^ object picnirc data consisting of time scries 
sequences of video object planes (VOPs), each of which is 
a picture image of at least one object at a point of time, and 
shape information data indicating the shape of the object in 
each VOP; a coding means which reads the object picture 
data and shape information data out of the storing means, 
encodes the data while conducting bit rate control so that the 
number of generated bits for each VOP meets a target bit 
number, and outputs coding information including a quan- 
tization parameter used in encoding and the generated bit 
number along with obtained bit streams; an area calculating 
means for calculating the area of the object in each VOP 
based on the shape information data, and outputting the 
result as area data; a bit niunber model parameter calculating 
means for calculating a parameter used in modeling the 
generated bit number per unit area of the object based on the 
coding information, the generated bit number and the area 
data, and outputting the result as a bit number model 
parameter; a predictive bit number calculating parameter 
extracting means for obtaining a function that indicates 
temporal variations in the bit number model parameter based 
on the history of the bit number model parameter, and 
outputting a parameter specifying the function or a predic- 
tive value of the bit number model parameter obtained by the 



fimction as a predictive bit number calculating parameter; 
and a target bit mmiber calculating means which performs a 
series of processes: calculating an uncoded VOP allocatable 
bit number that is the total number of allocatable bits for 
uncoded VOPs in a certain period of time based on allocat- 
able bil number information indicating the total number of 
allocatable bits for the VOPs in the certain period of time 
and the number of generated bits for the encoded VOPs in 
the certain period of time, estimating the number of gener- 
ated bits for the uncoded VOPs based on the area data and 
the predictive bil number calculating parameter, allocating 
the uncoded VOP allocatable bit number, calculating a target 
bit number for the next VOP to be encoded, and outputting 
the target bit number; sequentially for each of VOPs in the 
certain period of time. 

[0024] In accordance with the third aspect of the present 
invention, there is provided a moving picture encoding 
system for encoding each frame of moving picture 
sequences while conducting bit rate control with respect to 
each section of the frame, comprising: a coding means 
which is supphed with picture data, section information data 
indicating the sections in each frame of the picture data and 
a target bit number for each section, encodes the data with 
respect to each section while conducting bit rate control so 
that the number of generated bits for each section meets the 
target bit number, and outputs coding information including 
a quantization parameter used in encoding and the generated 
bit number along with obtained bit streams; an area calcu- 
lating means for calculating the area of the section in each 
frame based on the section information data, and outputting 
the result as area data; a predictive area calculating param- 
eter extracting means for obtaining a function that indicates 
temporal variations in the area of the section based on the 
history of the area data, and outputting a parameter speci- 
fying the function or a predictive value of Uie area obtained 
by the function as a predictive area calculating parameter; a 
bit number model parameter calculating means for calculat- 
ing a parameter used in modeling the generated bit number 
per unit area of the section based on the coding information, 
the generated bit number and the area data, and outputting 
the resuU as a bit number model parameter; a predictive bit 
number calculating parameter extracting means for obtain- 
ing a function that indicates temporal variations in the bit 
niunber model parameter based on the history of the bit 
mmiber model parameter, and outputting a parameter speci- 
fying the function or a predictive value of the bit number 
model parameter obtained by the function as a predictive bit 
number calculating parameter; and a target bit munber 
calculating means which performs a series of processes: 
calculating an uncoded frame allocatable bit number that is 
the total number of allocatable bits for uncoded frames in a 
certain period of time based on allocatable bit number 
information indicating the total number of allocatable bits 
for the frames in the certain period of time and the number 
of generated bits for the encoded frames in the certain period 
of time, estimating the number of generated bits for each 
section in the uncoded frames based on the predictive area 
calculating parameter and the predictive bit number calcu- 
lating parameter, allocating the uncoded frame allocatable 
bit number, calculating a target bit number for each section 
in the next frame to be encoded, and outputting the target bit 
number; sequentially for each of frames in the certain period 
of time. 
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[0025] In accordance with the fourth ispcd of the present 
invention, there is provided a moving picture encoding 
system for encoding each frame of moving picture 
sequences while conducting bit rate control with respect to 
each section of the frame, comprising: a storing means for 
temporarily storing picture data, section information data 
indicating the sections in each frame of the picture data; a 
coding means which reads the picture data and section 
information data out of the storing means, encodes the data 
with reflect to eadi section while conducting bit rate control 
so that tiie number of generated bits for each section meets 
a target bit number for the section, and outputs coding 
information including a quantization parameter used in 
encoding and the generated bit number along with obtained 
bit streamy an area calculating means for calculating the 
area of the section in each frame based on the section 
information data, and outputtiog the result as area data; a bit 
number model parameter calculating means for calculating 
a parameter used in modeling the generated bit ntmiber per 
unit area of the section based on the coding information, the 
generated bit number and the area data, and outputting the 
result as a bit number model parameter; a predictive bit 
number calculating parameter extracting means for obtain- 
ing a function that indicates temporal variations in the bit 
number model parameter based on ihc history of the bit 
number model parameter, and outputtiog a parameter speci- 
fying the function or a predictive value of the bit number 
model parameter obtained by the function as a predictive bit 
number calculating parameter; and a target bit niunber 
calculating means which pcrfomis a series of processes: 
calculating an uncoded frame allocatable bit number that is 
the total number of allocatable bits for uncoded frames in a 
certain period of time based on allocatable bit number 
information indicating the total number of allocatable bits 
for the frames in the certain period of time and the number 
of generated bits for the encoded frames in the certain period 
of lime, estimating the number of generated bits for each 
section in the uncoded frames based on the area data and the 
predictive bit number calculating parameter, allocating the 
uncoded frame allocatable bit number, calculating a target 
bit number for each section in the next frame to be encoded, 
and outputting the target bit number; sequentially for each of 
frames in the certain period of time. 

[0026] In accordance with the fifth aspect of the present 
invention, there is provided a moving picture encoding 
method for encoding moving picture sequences with respect 
to each object, comprising the steps of calculating an 
uncoded VOP allocatable bit number that is the total number 
of aUocatable bits for uncoded VOPs in a certain period of 
time by subtracting the number of generated bits for the 
encoded VOPs in the certain period of time from the total 
number of allocatable bits for the VOPs in the certain period 
of time, estimating the number of generated bits for all the 
uncoded VOPs, calculating a target bit number for the next 
VOP to be encoded by allocating the uncoded VOP allocat- 
able bit number, and encoding the VOP; sequentially for 
each of VOPs in the certain period of time. 

[0027] In accordance with the sbcth aspect of the present 
invention, there is provided a moving picture encoding 
method for encoding each frame of moving picture 
sequences while conducting bit rate control with respect to 
each section of the frame, comprising the steps of calculat- 
ing an uncoded frame allocatable bit number that is the total 
number of allocatable bits for uncoded frames in a certain 



period of time by subtracting the number of generated bits 
fior the encoded frames in the certain period of time from the 
total number of allocatable bits for the frames in the certain 
period of time, estimating the number of generated bits for 
all the sections in the uncoded frames, calculating a taiget bit 
number for eadi section in the next frame to be encoded by 
allocating the imcoded frame allocatable bit number, and 
encoding the frame; sequeiUially for each of frames in the 
certain period of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The objects and features of the present invention 
will become more apparent from the consideration of the 
following detailed description taken in conjunction with the 
accompanying drawings in which: 

[0029] FIG. 1 is a block diagram showing a conventional 
moving picture encoding system; 

[0030] FIG. 2 is a block diagram showing a moving 
picture encoding system according to an embodiment of the 
present invention; and 

[0031] FIG. 3 is a block diagram showing a moving 
picmre encoding system according to another embodiment 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0032] Referring now to the drawings, a description of 
preferred embodiments of the present invention will be 
given in detail. 

[0033] FIG. 2 is a block diagram showing a moving 
picture encoding system according to an embodiment of the 
present invention. 

[0034] The moving picture encoding system comprises: a 
coding means 101, a target bit number calculating means 
102, a predictive area calculating parameter extracting 
means 103, a predictive bit number calculating parameter 
extracting means 104, an area calculating means 105 and a 
bit number model parameter calculating means 106. 

[0035] The coding means 101 is supplied with the output 
of the tai^et bit number calculating means 102 (target bit 
number), shape information data and object picmre data, and 
generates bit streams as the first output. Its second output 
(generated bit number) is provided to the target bit number 
calculating means 102 and the bit number model parameter 
calculating means 106, and the third output (coding infor- 
mation) is provided to the bit number model parameter 
calculating means 106. 

[0036] The area calculating means 105 is suppUed with the 
shape information dau, and provides the predictive area 
calculating parameter extracting means 103 and the bit 
number model parameter calculating means 106 with its 
output (area data). The predictive area calculating parameter 
extracting means 103, which is supplied with the output of 
the area calculating means 105, provides the target bit 
number calculating means 102 with its output (predictive 
area calculating parameter). 

[0037] The bit number model parameter calculating means 
106, where the second and third outputs of the coding means 
101, and the output of the area calculating means 105 are 
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inputted, provides the predictive bit number calculating 
parameter extracting means 104 with its output (Jail niunber 
model parameter). 

[0038] The predictive bit number calculating parameter 
extracting means 104 is supplied with the output of the bit 
number model parameter calculating means 106, and pro- 
vides the target bit number calculating means 102 with its 
output (predictive bit number calculating parameter). The 
target bit number calculating means 102, where allocatable 
bit number information, the second output of the coding 
means 101, and the outputs of the predictive area calculating 
parameter extracting means 103 and the predictive bit num- 
ber calculating parameter extracting means 104 are inputted, 
provides the coding means 101 with its output (target bit 
number). 

[0039] The shape information data indicate the shape of 
objects. A mask picture, in which, for example, object 
regions are shown with 255 pixels and the pixel value is set 
lo 0 outside the object, corresponds to the data. The object 
picture data indicate a sequence of picture images of the 
object extracted from each frame. 

[0040] The shape information data and the object picture 
data are inputted to the coding means 101, and encoded. The 
encoding of MPEG-4, for example, is applicable as a 
method of encoding. In this case, bit rate control is con- 
ducted so that the number of bits for each VOP (video object 
plane) meets a target bit number. After that, bit streams 
obtained by the encoding are outputted together with the 
generated bit number and the coding information. 

[0041] 'llie coding information is characteristic values 
found in encoding such as activity or motion compensation 
predictive difference power, the mean absolute difference 
(MAD) of a motion compensation predictive difference 
signal, the quantization parameter, and motion vector infor- 
mation. 

[0042] The shape information is also inputted lo the area 
calculating means 105. 'ITie area calculating means 105 
calculates the area of an object region by counting pixels 
included in the object region according to the shape infor- 
mation. When the shape information is not binary but 
multivalued, the shape information is binarized before cal- 
culating the area. Alternatively, the area may be indicated by 
the number of blocks (macrobloks) including the object 
region instead of the number of pixels. The calculated area 
data are inputted to the predictive area calculating parameter 
extracting means 103 and the bit number model parameter 
calculating means 106. 

[0043] The predictive area calculating parameter extract- 
ing means 103 finds a function approximate to the temporal 
variations of the object area based on the history of the area 
data supplied from the area calculating means 105. The 
predictive area calculating parameter extracting means 103 
then outputs a parameter required to describe the function as 
a predictive area calculating parameter. 

[0044] For example, the object area A(t) at the lime I (or 
VOP number) in a VOP is approximated by n-th order 
expression (15). 



i-0 



[0045] In (IS), parameter pj Q-O, . . . , n) is the predictive 
area calculating parameter. TiKse values are calcidated by 
the least squares method etc. according to the values of the 
object area obtained in previous VOP^. Besides, the predic- 
tive area calculating parameter may be the actual predictive 
value of the object area in each VOP to be coded obtained 
by expression (15). In addition, it is also possible that the 
several types of functions are previously designated, and an 
index that specifies a function is outputted together with a 
parameter as the predictive area calculating parameter. 

[0046] In this case, a function, which most approximates 
variations of the area, is found from among the designated 
types of functions, and a parameter thereof is obtained. 
Then, an index that indicates the type of the function and the 
parameter are outputted to the target bit number calculating 
means 102 as the predictive area calculating parameter. 

[0047] On the other hand, the generated bit number and 
the coding information outputted from the coding means 101 
are inputted to the bit number model parameter calculating 
means 106. The operation of the bit number model param- 
eter calculating means 106 is basically the same as that of 
the bit number model parameter calculating means 1006, in 
which the relationship between the generated bit number and 
the coding information is expressed in a mathematical 
model, and a parameter to describe the model is calculated 
as a bit number model parameter. However, in the calcula- 
tion of the bit number model parameter, the bit number 
model parameter calculating means 1006 models the number 
of bits for a whole picture plane, while the bit niunber model 
parameter calculating means 106 models the number of bits 
per unit area. 

[0048] Consequently, the area data calculated by the area 
calculating means 105 are also inputted to the bit number 
model parameter calculating means 106 to be used in the 
calculation of the bit number model parameter. Incidentally, 
the model employed in the calculation is not restricted to the 
model obtained by (1) to (3), or (7) to (9), but the other 
models may be used. 

[0049] Subsequently, the obtained model parameter is 
outputted to the predictive bit number calculating parameter 
extracting means 104. 

[0050] The predictive bit number calculating parameter 
extracting means 104 finds a function approximate to the 
temporal variations of the model parameter based on the 
history of the bit number model parameter supplied from the 
bit number model parameter calculating means 106. The 
predictive bit number calculating parameter extracting 
means 104 then outputs a parameter required to describe the 
function as a predictive bit number calculating parameter. 

[0051] For example, the bit number model parameter X(t) 
at die time t (or VOP number) in a VOP is approximated by 
n-th order expression (16). 
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(16) 



[0052] In (16), parameter qj (j=0, . . . , a) is the predictive 
bit Dumber calculating parameter. These values are calcu- 
lated by the least squares method etc. according to the values 
of the bit number model parameter obtained in previous 
VOPs. Besides, the predictive bit number calculating param- 
eter may be the actual predictive value of the bit number 
model parameter in each VOP to be coded obtained by (16). 
In addition, it is also possible that the several types of 
functions are previously designated, and an index that speci- 
fies a function is outputted together with a parameter as the 
predictive bit number calculating parameter. 

[0053] The predictive area calculating parameter output- 
ted from the predictive area calculating parameter extracting 
means 103 and the predictive bit number calculating param- 
eter outputted from the predictive bit number calculating 
parameter extracting means 104 are inputted to the target bit 
number calculating means 102. The target bit number cal- 
culating means 102 is also supplied with the allocatable bit 
number information and the generated bit number outputted 
from the coding means 101. 

[0054] Hie target bit number calculating means 102 alio* 
cates allocatable bits in a certain period of time for each 
VOP in the certain period of time by using the predictive 
area calculating parameter and the predictive bit number 
calculating parameter, and thereby obtains the target bit 
number for each VOP. The number of allocated bits for each 
VOP is outputted as a target bit number from the target bit 
number calculating means 102. 

[0055] llie certain period of time corresponds a time 
interval taken for a GOV. When the bit rate control is 
executed with respect to each GOV, first, the number of 
available bits for a GOV is calculated based on the allocat- 
able bit number infoimation. A coding bit rate specified by 
a user, for example, is used as the allocatable bit number 
information. In this case, the number of available bits for a 
GOV is calculated by dividing the number of allocatable bits 
according to the information by a VOP rate, and then 
muhiplying the quotient by the number of VOPs in the GOV. 

[0056] Next, when there are VOPs, which have already 
been encoded, in the GOV, the number of bits used for 
encoding them is subtracted from the number of available 
bits for the GOV to find remaining available bits. Subse- 
quently, the target bit number for the next VOP to be coded 
is calculated in consideration of the allocation of the avail- 
able bits for remaining VOPs in the GOV. 

[0057] In the following, the process of calculating target 
bit numbers T„ Tp and Tq for I, P and B VOPs will be 
described using the bit number models obtained by (1) to 
(3). Incidentally, while (1) to (3) are applied to modeling the 
bit number for a whole picture plane in the above-mentioned 
conventional sdieme, in this embodiment, (1) to (3) are 
applied to modeling the bit number per unit area. 

[0058] Assuming that: the target bit number per unit area 
of I VOP is T. the time for I VOP is tf. the area al time t is 



A(t), and the complexity indexes for I, P and B VOPs are 
X{(l), Xp(t) and XJy\ respectively; target bit numbers Ti,Tp 
aitd Tb of the I, P and B VOPs at time t are expressed as 
follows: 



[0059] 



XpU) 



(17) 

(18) 
(19) 



[0060] In (17), (18) and (19), Kp and denote param- 
eters to control the roughness of quantization for P and B 
pictures similarly to the system of TM-5. Assuming that the 
number of remaining available bits is R, expression (20), 
which is a generalized expression of (12), can be formed. 



(20) 



[0061] In (20), Xi, Xp and denote a set of time when the 
type of VOP is 1, P and B, respectively, in the remaining 
VOPs included in a GOV. Incidentally, when there is no 
VOP of corresponding type in the remaining VOPis, each of 
T,, Xp and Xg is a null set. 

[0062] Thereby, the target bit number for I VOP at time t, 
can be expressed by expression (21). Similarly, the target bit 
numbers for P VOP at time tp and B VOP at time tB are 
calculated by following expression (22) and (23). 



X,Ui)A(ii)R 



Tp(lp) = 



Z Xp{OAU)+~Z Xaiim) 

tap ^Btag 



XBUa)A{iB}R 



(21) 



(22) 



(23) 



KtB 



'^Pnrp 



[0063] In the target bit number calculating means 102, the 
values of the area and the complexity index concerning the 
remaining VOPs included in the GOV are calculated first 
using the predictive area calculating parameter and the 
predictive bit number calculating parameter. Then, the target 
bit number is calculated by an expression selected from (21) 
to (23) according to the type (I, P or B) of the next VOP to 
be coded using the obtained values of the area and the 
complexity index. 

[0064] Besides, the quadratic bit number models shown by 
(7) to (9) may also be employed. In this case, functions that 
indicate the temporal variations of bit number model param- 
eters Xg, Y|, Xp, Yp, Xq, Yq and 0 are found, and parameters 
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to describe the functions are the predictive bit number 
calculating parameters. Incidentally, while (7) to (9) are 
applied to modehng the bit number for a whole picture plane 
in the above-mentioned conventional scheme, in this 
embodiment, (7) to (9) are applied to modeling the bit 
number per unit area. Calculation process is the same as the 
above case. 

[0065] The calculated target bit number is inputted to the 
coding means 101, and used for encoding the next VOP. 

[0066] In the above description, the target bit number is 
determined based on only the bit coimts for texture, how- 
ever, it may be determined in consideration of bits for 
motion and shape. 

[0067] In this case, the coding meaos 101 counts the 
number of generated bits for the motion, shape and texture 
individually, and outputs the results as the generated bit 
number. 

[0068] The bit number model parameter calculating means 
106 calculates parameters for modeling the bit numbers for 
the motion and shape per unit area in addition to the bit 
number model parameter concerning the texture. 'I1ie bit 
number model parameter concerning the motion/shape is 
simply calculated by dividing the bit number for the motion/ 
shape by the area according to the area data supplied from 
the area calculating means 105, and outputted. 

[0069] The predictive bit number calculating parameter 
extracting means 104 finds functions approximate to the 
temporal variations of the model parameters based on the 
history of the bit number model parameters concerning the 
motion and shape. The predictive bit number calculating 
parameter extracting means 104 then outputs parameters 
required to describe the functions as prediaive bit number 
calculating parameters along with the bit number model 
parameter concerning the texture. 

[0070] The target bit number calculating means 102 cal- 
culates the predictive amounts of the motion and shape bits 
per UQil area for remaining VOPs by using the predictive bit 
number calculating parameters concerning the motion and 
shape. Subsequently, each result is multiplied by the pre- 
dictive value of the area estimated according to the predic- 
tive area calculating parameter outputted from the predictive 
area calculating parameter extracting means 103, and thus 
the predictive numbers of the motion and shape bits are 
calculated. Then, the sum of the predictive values for the 
remaining VOPs is subtracted from the remaining allocat- 
able bit number R, and the result is set anew as R in (21) to 
(23) to calculate the target bit number for the texture. Thus 
the bit rate control, in which the number of bits for the 
motion and shape are also taken into account, can be 
performed. 

[0071] While in the above description, each object is 
encoded under the bit rate control individually, it is possible 
that phiral objects are processed at the same time, and then 
the target bit rates for VOPs of each object are decided. 

[0072] Assuming that the number of objects is J, the shape 
information data and object picture data supplied to the 
coding means shown in FIG. 2 are the data of J objects. 
Likewise there are the area data, the predictive area calcu- 
lating parameter, the coding information, the generated bit 
number, the bit number model parameter, the predictive bit 



number calculating parameter, the target bit number, and the 
bit streams for each of the J objects. The coding means 101, 
the area calculating means 106, the predictive area calcu- 
lating parameter extracting means 103, the bit number 
model parameter calculating means 106 and the predictive 
bit number calculating parameter extracting means 104 
execute the above-mentioned processes for each of the J 
objects. 

[0073] On the other hand, the target bit number calculating 
means 102 calculates the target bit number for the individual 
J objects based on the allocatable bit number, and the 
predictive area calculating parameter, the predictive bit 
number calculating parameter and the generated bit number 
for the individual J objects. In the following, the description 
will be given of the calculation procedure of the target bit 
number for each object in this case. 

[0074] The quantization parameter for ! VOP of the j-th 
object can be expressed as follows: 



(2A). 



[0075] In (24), Q„ j denotes the quantization parameter for 
I VOP of the j-th object, and Q denotes the standard 
quantization parameter. The value of Q varies depending on 
the allocatable bit number. Besides, Mj denotes the constant 
for adjusting the roughness of quantization. When Mj is set 
to 1 for all objects, all the objects are quantized in the same 
roughness level. In other words, it is possible to make 
variations in the roughness of quantization among objects by 
the value. For example, quantization can be controlled so 
that visually important objects are quantized finely and the 
others are quantized roughly. In the following, the process of 
calculatii^ the target bit number for each object based on 0 
set to accord with the allocatable bit number will be 
described. 

[0076] The quantization parameters for P and B VOPs of 
the j-th object Qpj and Qgj arc obtained by expressions (25) 
and (26) by using (24). 



(25) 
(2(S) 



[0077] In (25) and (26), Kpj and Kbj denotes the ratio of 
the quantization parameters for P and B VOPs to the 
quantization parameter for I VOPs. Thereby the target bit 
numbers for I, P and B VOPs of the j-th object are defined 
by following expressions (27), (2S) and (29), respectively. 



X„j (0 
MjQ 



Xi^; (r) Xp.; (0 



(27) 
(28) 
(29) 



[0078] Assuming that, Xij, Xpj and x^j denote a set of time 
when a VOP is I, P and B VOP types, respectively, in 
remaining VOP^ included in the GOV for the i-tb c^ject, 
expression (30) can be formed. 
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(30) 



[0079] Incidentally, when ihere is no VOP of ihe above 
types in the remaining VOft, each of Xi, Xp and is a null 
set. By substituting (27) to (29) for (30) and solving Q, the 
expression (31) can be achieved. 



(31) 



[0080] Further, by substituting (31) for (27) to (29). the 
expressions (32). (33) and (34) are obtained 



(32) 



Xp^^^p)A^{t^)R 



(33) 



7i.»:(ia)« 



XB.iUs)Ak(tB)K 



(34) 



[0081] Thus the largcl bit number for each object is 
calculated and outputtcd to the coding means. 

[0082] As is described above, even when there arc plural 
objects in a frame, bit allocation can be performed properly. 
Besides, the target bit numbers obtained by (32) to (34) are 
applicable to the case where the frame rate varies with each 
object. 

[0083] Next, another embodiment of the present invention 
will be described referring to FIG. 3. This embodiment can 
be applied to the case where delay is admissible in encoding. 
Basically, the moving picture encoding system of this 
embodiment has the same configuration as that illustrated in 
FIG. 2 except that it does not include the predictive area 
calculating parameter extracting means 103 and is provided 
with a buffer 200. 



[0084] In addition, a target bit number calculating means 
202 and a bit mimber model parameter calculating means 
206 replace the target bit number calculating means 102 ai^ 
the bit number model parameter calculating means 106. 

respectively. 

[0085] The buffer 200 is supplied with shape information 
data and object picture data, and its first output (shape 
information data) and the second output (object picture data) 
are sent to the coding means 101. 

[0086] The area calculating means 105 is supplied with the 
shape information data before being inputted to the buffer 
200, and its output (area data) is sent to the target bit number 
calculatii^ means 202 and the bit number model parameter 

calculating means 206. 

[0087] ITie target bit number calculating means 202 is 
provided with outputs of the predictive bit number calcu- 
lating parameter extracting means 104 and the area calcu- 
lating means 105, allocatable bit number information, and 
the second output of the coding means 101 (generated bit 
number), and its output is sent to the coding means 101. In 
other respects, the moving picture encoding system of this 
embodiment is the same as the system shown in FIG. 2. 

[0088] The buffer 200 stores the inputted shape informa- 
tion data and the object picture data as long as a period of 
unitary time for the bit rate control (for example, a ^an of 
a GOV)' "The coding means 101 of this embodiment operates 
in the same manner as that in FIG. 2. 

[0089] 'ITie operation of the bit number model parameter 
calculating means 206 is basically the same as that of the bit 
number model parameter calculating means 106 in FIG. 2, 
except that the bit number model parameter calculating 
means 206 stores the area data outputted from the area 
calculating means 105 for a certain period of time, and 
calculates the bit number model parameter by using the area 
data of a VOP corresponding to the generated bit number 
outputted from the coding means 101. 

[0090] The taiget bit number calculating means 202 cal- 
culates the ta^et bit number in the same manner as the target 
bit number calculating means 102 in FIG. 2. However, the 
taiget bit number calculating means 202 uses actual area 
data calculated previous to encoding by the area calculating 
means 105 for the calculation of the target bit number, while 
the target bit number calculating means 102 uses a predictive 
value of the area A(t) for the calculation. 

[0091] The operation of other parts is the same as that of 
moving picture encoding means shown in FIG. 2. 

[0092] In the moving picture encoding system illustrated 
in FIG. 3, the target bit number calculating means 202 
calculates the target bit number not by a predictive value of 
the area but by actual area data. Consequently, bit allocation 
can be performed with a higher degree of accuracy com- 
pared to the moving picture encoding system illustrated in 
FIG. 2. 

[0093] While a description has been given of a system in 
which objects are encoded individually, the moving picture 
encoding system of the present invention is applicable to the 
bit allocation for encoding a frame that is a combination of 
objects without making a separation into each object. In this 
case, a frame is divided into sections for each object, and the 
bit rate control is performed with respect to each section. 
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That is, coding model parameteis are calculated for each 
section corresponding to an object, and thereby the taiget bit 
number for each section is calculated in the same manner as 
the above-mentioned calculation of the target bit number for 
each object. Thus, each section is encoded under the indi- 
vidual bit rate control according to the target bit number. On 
this occasion, it is not necessary to encode shape informa- 
tion. The shape information is used for the purpose of the bit 
rate control only. 

[0094] Consequently, even when the area of a visually 
importaot dbjcct undergoes a lot of changes in a sequence, 
available bits can be allocated in a balanced manner. 
Besides, the moving picture encoding system of the present 
invention is also applicable to the case where a picture plane 
is divided into sections and the bit rate control is performed 
for each section to encode a sequence of frames not includ- 
ing plural separated objects. To take a screen of a picture 
phone as an example, the region carrying a picture of a 
person and the other regions are divided, and the target bit 
number is calculated likewise with respect to each region. 
Thus, it is made possible to perform the bit rate control 
according to the importance of each region. 

[0095] Additionally, the moving picture encoding system 
according to the present invention may be implemented by 
reading a program for executing its operation stored in a 
storing medium such as a CD-ROM, a floppy disk or a 
nonvolatile memory card by a computer. 

[0096] While the preferred embodiments of the present 
invention have been described using specific terms, such 
description is for illustrative purposes only, and it is to be 
understood that changes and variations may be made with- 
out departing from the spirit or the scope of the following 
claims. 



What is claimed is: 

1. A moving picture encoding system for encoding mov- 
ing picture sequences with respect tcve^ object, compris- 
tog: 

a coding mean s for encoding objcsL^ncture data consist- 
ing of time scries sequences of video object planes 
(VOPs), each of which is a picture image of the objc 
at a point of time, and shape inform a tion data indicatin g/ 1 , 
the shape of the object m eacn VOP while conducting \[ 
bit rale control so that the number of generated bits 
each VOP meets a target bit number, and outputting 
coding information including a quantization parameter 
used in encoding and the generated bit number along 
with obtained bit sU-eams; 

«=) I an area calculating means for calculating the area of the 
j object in each VOP based on the shape information 
data, and outputting the result as area data; 

a predictive area calculating parameter extracting means 
for obtaining a function that indicates temporal varia- 
tions in the area of the object based on the history of the 
a rea data , and outputting a parameter specifying the 
function or a predictive value of the area obtained by 
the function as a predictive area calculating parameter; 



1^ 



a bit number model parameter calculating mea ns for 
calculating a parameter used in modeling the generated 
bit number per unit area of the object based on the 



coding information, the generated bit number and the 
area data, and outputting the resuh as a bit number 

model parameter; 

a prediaive bit number calculating parameter extracting 
means for obtaining a function that indicates temporal 
variations in the bit number model parameter based on 
t|i c_ history of the bit number model parameter, and 
outputting a parameter specifying the function or a 
prediaive value of the bit number model parameter 
obtained by the function as a predictive bit number 
calculating parameten and 

[a tar^ bU number calculating means^ which performs a 
series of processes: calculating an uncoded VOP allo- 
catable bit number that is the total number of allocat- 
able bits for uncoded VOPs in a certain period of time 
based on allocatable bit number information indicating 
the total number of allocatable bits for the VOPs in the 
certain period of time and the number of generated bits 
for the encoded VOPs in the certain period of time, 
estimating the number of generated bits for the uncoded 
VOPs based on the predictive area calculating param- 
eter and the predictive bit number calculating param- 
eter, allocating the uncoded VOP allocatable bit num- 
ber, calculating a target bit number for the next VOP to 
be encoded, and outputting the taiget bit number; 
sequentially for each of VOPs in the certain period of 
time. 

2. A moving picture encoding system for encoding mov- 
ing picm re sequ ences with respect to each object, compris- 
ing;.^^ If] 

' a storintT roeansj br temporarily storing object picture data 
consigting^rtimc series sequences of video object 
Qan^ (VOPs), each of which is a picture image of the 
object at a point of time, and shape information data 
indicating the shape of the object in each VOP; 

a coding means which roads the object picture data and 
shape information data out of the storing means, 
encodes the data while conducting bit rate control so 
that the number of generated bits for each VOP meets 
a target bit number, and outputs coding information 
including a quantization parameter used in encoding 
and the generated bit number along with obtained bit 
streams; 

an area calculating means for calculating the area of the 
object in each VOP based on the shape information 
data, and outputting the result as area data; 

a bit number model parameter calculating means for 
calcuUiting a parameter used in modeling the generated 
bit number per unit area of the object based on the 
coding information, the generated bit number and the 
area data, and outputting the result as a bit number 
model parameter; 

a predictive bit number calculating parameter extracting 
means for obuining a function that indicates temporal 
variations in the bit number model parameter based on 
the history of the bit number model parameter, and 
outputting a parameter specifying the function or a 
predictive value of the bit number model parameter 
obtained by the function as a predictive bit number 
calculating parameter, and 
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a target bit number calculatiog means which performs a 
series of processes: calculating an uncoded VOP allo- 
catable bit number that is the total number of allocat- 
able bits for uncoded VOPs in a certain period of time 
based on allocatable bit number information indicating 
the total number of allocauble bits for the VOPs in the 
certain period of time and the number of generated bits 
for the encoded VOPs in the certain period of time, 
estimating the number of generated bits for the uncoded 
VOPs based on the area data and the predictive bit 
number calculating parameter, allocating the uncoded 
VOP allocatable bit number, calculating a target bit 
number for the next VOP to be encoded, and outputting 
the target bit number; sequentially for each of VOPs in 
the certain period of time. 

3. The moving picture encoding system claimed in claim 

1, wherein a moving picture sequence may includes a 
plurality of objects. 

4. The moving picmre encoding system claimed in claim 

2, wherein a moving picture sequence may includes a 
plurality of objects. 

5. A moving picture encoding system for encoding each 
frame of moving picture sequences while conducting bit rate 
control with respect to each section of the frame, compris- 
ing: 

a coding means which is supplied with picture data, 
section information data indicating the sections in each 
frame of the picture data and a target bit number for 
each section, encodes the data with respect to each 
section while conducting bit rate control so Ibat the 
number of generated bits for each section meets the 
target bit number, and outputs coding inforaiation 
including a quantization parameter used in encoding 
and the generated bit number along with obtained bit 
streams; 

an area calculating means for calculating the area of the 
section in each frame based on the section information 
data, and outputting the result as area data; 

a predictive area calculating parameter extracting means 
for obtaining a function that indicates temporal varia- 
tions in the area of the section based on the history of 
the area data, and outputting a parameter specifying the 
function or a predictive value of the area obtained by 
the function as a predictive area calculating parameter, 

a bit number model parameter calculating means for 
calculating a parameter used in modeling the generated 
bit number per unit area of the section based on the 
coding information, the generated bit number and the 
area data, and outputting the result as a bit mmiber 
model parameter; 

a predictive bit mmiber calculating parameter extracting 
means for obtaining a function that indicates temporal 
variations in the bit number model parameter based on 
the history of the bit number model parameter, and 
outputting a parameter specifying the function or a 
predictive value of the bit number model parameter 
obtained by the function as a predictive bit number 
calculating parameter; and 

a target bit number calculating means which performs a 
scries of processes: calculating an uncoded frame allo- 
catable bit number that is the total number of allocat- 



able bits for uncoded frames in a certain period of time 
based on allocatable bit number information indicating 
the total number of allocatable bits for the frames in the 
certain period of time and the number of generated bits 
for the encoded frames in the certain period of time, 
estimating the number of generated bits for each sec- 
tion in the imcoded frames based on the predictive area 
calculating parameter and the predicti\'e bit number 
calculating parameter, allocating the uncoded frame 
allocatable bh number, calculating a target bit number 
for each section in the next frame to be encoded, and 
outputting the target bit number; sequentially for each 
of frames in the certain period of time. 
6. A moving picture encoding system for encoding each 
frame of moving picmre sequences while conducting bit rate 
control with re^ct to each section of the frame, compris- 
ing: 

a storing means for temporarily storing picture data, 
section information data indicating the sections in each 
frame of the picture data; 

a coding means which reads the picmre data and section 
information data out of the storing means, encodes the 
data with respect to each section while conducting bit 
rate control so that the number of generated bits for 
each section meets a target bit number for the section, 
and outputs coding information including a quantiza- 
tion parameter used in encoding and the generated bit 
number along with obtained bit streams; 

an area calculating means for calculating the area of the 
section in each frame based on the section information 
data, and outputting the result as area data; 

a bit number model parameter calculating means for 
calculating a parameter used in modeling the generated 
bit number per unit area of the section based on the 
coding information, the generated bit number and the 
area data, and outputting the result as a bit number 
model parameter, 

a predictive bit number calculating parameter extracting 
means for obtaining a function that indicates temporal 
variations in the bit number model parameter based on 
the history of the bit number model parameter, and 
outputting a parameter specifying the function or a 
predictive value of the bit number model parameter 
obtained by the function as a predictive bit number 
calculating parameter; and 

a target bit number calculating means which performs a 
series of processes: calculating an uncoded frame allo- 
catable bit number that is the total number of allocat- 
able bits for uncoded frames in a certain period of time 
based on allocatable bit number information indicating 
the total number of allocatable bits for the frames in the 
certain period of time and the number of generated bits 
for the encoded frames in the certain period of time, 
estimating the number of generated bits for each sec- 
tion in the uncoded frames based on the area data and 
the predictive bit number calculating parameter, allo- 
cating the uncoded frame allocatable bit number, cal- 
culating a target bit number for each section in the next 
frame to be encoded, and outputting the target bit 
number; sequentially for each of frames in the certain 
period of time. 
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7. The moving picture encoding system claimed io claim 

1, wherein: 

the bit number model parameter is a complexity index per 
unit area of the picture; and 

the target bit number calculating means calculates the 
target bit number based on a product of a predictive 
value of tte complexity index and a predictive value of 
the area data. 

8. The moving picture encoding system claimed in claim 

5, wherein: 

the bit number model parameter is a complexity index per 
unit area of the picnire; and 

the target bit number calculating means calculates the 
target bit number based on a product of a predictive 
value of the complexity index and a predictive value of 
the area data. 

9. The moving picmre encoding system claimed in claim 

2, wherein: 

the bit number model parameter is a complexity index per 
unit area of the picture; and 

the target bit number calculating means calculates the 
target bit number based on a product of a predictive 
value of the complexity index and the area data. 

10. The moving picture encoding system claimed in claim 

6, wherein: 

the bit number model parameter is a complexity index per 
unit area of the picture; and 

the target bit number calculating means calculates the 
target bit number based on a product of a predictive 
value of the complexity index and the area data. 

11. The moving picture encoding system claimed in claim 

1, wherein: 

the bit number model parameter calculating means cal- 
culates the bit number model parameter with respect to 
each VOP type; and 

the predictive bit number calculating parameter extracting 
means calculates the predictive bit number calculating 
parameter with respect to each VOP type. 

12. The moving picture encoding system claimed in claim 

2, wherein: 

the bit number model parameter calculating means cal- 
culates the bit number model parameter with respect to 
each VOP type; and 

the predictive bit number calculating parameter extracting 
means calculates the predictive bit number calculating 
parameter with respect to each VOP type. 

13. The moving picture encoding system claimed in claim 

5. wherein: 

the bit number model parameter calculating means cal- 
culates the bit number model parameter with respect to 
each frame type; and 

the predictive bit number calculating parameter extracting 
means calculates the predictive bit number calculating 
parameter with respect to each frame type. 

14. 'ITie moving picture encoding system claimed in claim 

6, wherein: 



the bit number model parameter calculating means cal- 
culates the bit number model parameter with respect to 
each frame type; and 

the predictive bit number calculating parameter extracting 
means calculates the predictive bit number calculating 
parameter with re%)ect to each frame type. 

15. The moving picture encoding system claimed in claim 

3, wherein a constant which c? " jpalfft a varifjiinn in quan - 
tizat ion fineness amon^ objects i^ \\<^^ wtwn the, ]^i;^e.t bit 
number is c alculate d. 

' 1l6. The moving picture encoding system claimed in claim 

4, wherein a constant which can make a variation in quan- 
tization fineness among objects is used when the target bit 
number is calculated. 

17. The moving picture encoding system claimed in claim 

5, wherein a constant which can make a variation in quan- 
tization fineness among sections is used when the target bit 
number is calculated. 

18. The moving picture encoding system claimed in claim 

6, wherein a constant which can make a variation in quan- 
tization fineness among sections is used when the target bit 
number is calculated. 

19. A moving picture encoding method for encoding 
moving picmre sequences with respect to each object, com- 
prising the steps of: 

calculating an uncoded VOP allocatable bit number that is 
the total number of allocatable bits for uncoded VOPS 
in a certain period of time by subtracting the number of 
generated bits for the encoded VOPs in the certain 
period of time from the total number of allocatable bits 
for the VOPs in the certain period of time; 

estimating the number of generated bits for all the 
uncoded VOPs; 

calculating a target bit number for the next VOP to be 
encoded by allocating the uncoded VOP allocatable bit 
number; and 

encoding the VOP; sequentially for each of VOPs in the 
certain period of time. 

20. A moving picture encoding method for encoding each 
frame of moving picture sequences while conducting bit rate 
control with respect to each section of the frame, comprising 
the steps of: 

calculating an uncoded frame allocatable bit number that 
is the total number of allocatable bits for uncoded 
frames in a certain period of time by subtracting the 
number of generated bits for the encoded frames in the 
certain period of time from the total number of allo- 
catable bits for the frames in the certain period of time; 

estimating the number of generated bits for all the sec- 
tions in the uncoded frames; 

calculating a target bit number for each section in the next 
frame to be encoded by allocating the uncoded frame 
allocatable bit number; and 

encoding the frame; sequentially for each of frames io the 
certain period of time. 
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21. The moving picture encoding method claimed in 
claim 19, wherein a constant which can make a variation in 
quantization fineness among objects is used when the taiget 
bit number is calculated. 

22. The moving picture encoding method claimed in 
claim 20, wherein a constant u^icb can make a variation in 



quantization fineness among sections is used when the target 
bit number is calculated. 

23. A program for conducting a computer to execute the 
moving picture encoding method claimed in claim 19. 

24. A program for conducting a computer to execute the 
moving picture encoding method claimed in claim 20. 

***** 
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